Using a numerical approach we examine the dynamics of zz correlations for the spin-1 2 isotropic XY chain with random Lorentzian intersite coupling and transverse field at sites that depends linearly on the neighbouring couplings. We study in detail the wave vector-and frequency-dependent zz structure factor at different values of Hamiltonian parameters and temperature. We discuss the changes in the frequency profiles of the zz dynamic structure factor caused by the introduced correlated disorder.
Quantum spin chains with randomness have attracted a great deal of interest over the last decades. Apparently the simplest example of such a system is a random spin- 1 2 XY chain the study of which is essentially simplified due to the fact that with the help of the Jordan-Wigner transformation it can be presented in terms of spinless noninteracting fermions. Starting from the early 70s several types of random spin- 1 2 XY chains were discussed by using fermionization and Dyson's and Lloyd's models of disorder, as well as a numerical approach [1] [2] [3] [4] [5] [6] [7] . The interest in random spin- 1 2 XY chains has been strongly renewed in the 90s in view of the study of generic features of quantum phase transitions in disordered systems. As an example we mention here an exhaustive study of the transverse Ising chain by both the renormalization group and numerical means [8] [9] [10] , and exact analytical and numerical treatment of XY chain [11] [12] [13] .
In this paper, we deal with the spin- 1 2 isotropic XY chain with random Lorentzian exchange coupling and transverse field that depends linearly on the surrounding exchange couplings. Such a model has recently been examined in some detail [14] . The method developed by John and Schreiber [15] allowed one to calculate exactly the random-averaged density of magnon states for that model and, as a result, to study rigorously its thermodynamics. The most interesting property that the model with a correlated disorder exhibits is the appearance of a nonzero averaged transverse magnetization at the zero averaged transverse field [14, 16, 17] . This is conditioned by the change in the density of states due to the correlated disorder. Namely, the numbers of "magnons" with negative and positive energies at the zero averaged transverse field become not equal to each other. Unfortunately, the obtained analytical results pertain only to thermodynamics. The aim of the present paper is to study the effects of a correlated disorder on dynamics of transverse spin correlations, examining for this purpose the zz dynamic structure factor. To reveal the effects of the correlated off-diagonal and diagonal disorder it is necessary to analyse also the model with independent random Lorentzian exchange couplings and transverse fields. Such a study of dynamic properties requires the calculation of the zz time-dependent spin correlation functions and concerns the dynamics of the spin model conditioned by the exciting of only two magnons. Apparently, the evaluation even of the simplest zz time-dependent spin correlation functions cannot be performed analytically, however, it can be done numerically, making use of the developed earlier finite-chain calculation scheme [18] (similar approaches are described in Refs. [9, 10, 19, 20] ).
It should be stressed that models with the correlated disorder naturally arise while describing materials with the topological disorder. On the other hand, dynamic measurements are the basic experimental techniques in the study of such compounds. Although there are a few examples of real materials which are well described by a one-dimensional spin- 
where Ω n is the transverse field at site n and J n is the exchange coupling between the sites n and n + 1. The J n are taken to be independent random variables with the Lorentzian probability
where J 0 is the mean value of the exchange coupling and Γ is the width of distribution that controls the strength of the disorder. For the correlated off-diagonal and diagonal disorder the transverse fields are related to the intersite couplings and further it is assumed that
where Ω 0 is the averaged transverse field at site [22] . One can easily find the probability distribution for the random variable Ω n
i.e. Ω n appears to be a Lorentzian random variable with the mean value Ω 0 and the width of the distribution |a|Γ.
Mapping spin model (1) with the help of the Jordan-Wigner transformation onto spinless noninteracting fermions one obtains the Hamiltonian
that can be diagonalized by the transformation η
with the result H =
. Since s
the calculation of the zz time-dependent spin correlation functions reduces to exploiting the Wick-Bloch-de Dominicis theorem with the outcome
where the elementary contractions read
Formulae (5) - (7) are the basic ones for the the presented below numerical study of the dynamic properties of spin model (1) - (4) . For the given realization of random couplings (2) and corresponding transverse fields (3) or for the given realizations of random couplings (2) and random transverse fields (4) one must first calculate the eigenvalues and eigenvectors of matrix A (5). Knowing its eigenvalues and eigenvectors one immediately obtains elementary contractions (7) and, therefore, the zz time-dependent spin correlation functions (6) that are directly related to the zz dynamic structure factor or susceptibility. Usually one is interested in the random-averaged quantities that come out as the result of averaging the computed quantities over many random realizations. The random-averaged quantities will be overlined.
More details on the finite-chain calculation scheme can be found in Ref. [18] .
In what follows we shall discuss the dynamics of transverse spin correlations in spin model (1) - (4), calculating for this purpose the transverse dynamic structure factor
The transverse dynamic structure factor (8) for a certain random realization with the help of Eqs. (6), (7) can be rewritten in the following form
[23]. For a uniform cyclic infinite chain (Ω n = Ω 0 , J n = J 0 ) the corresponding result reads
Evaluating the integral in Eq. (10) one gets the following expression for the transverse dynamic structure factor of the uniform cyclic infinite chain
with We computed correlation functions s
with n up to n ⋆ = 80, . . . , 800 for the times up to t c = 150, . . . , 1200, put ǫ = 0.005 and averaged the zz dynamic structure factor at least over 21000 random realizations. In the non-random case we used exact formulae (11), (12) . The obtained within the frames of the described scheme results for the transverse dynamic structure factor of the non-random chain and the chains with a correlated and non-correlated , whereas for non-zero
is shown
in Fig. 7a . Evidently, at T = 0, the lower frequency at which the non-zero value of S zz ( π 4
, ω) appears, ω l , is equal to cos , ω).
Consider further, for example, S zz ( , ω) at T = 0 at ω = 1.5 is due to the fact that for lower frequencies only one pair of magnons, because of the Fermi factors, contributes to S zz ( 2π 3
, ω), whereas for higher frequencies two pairs of magnons are involved in forming S zz ( 2π 3
, ω). At non-zero temperature
, ω) is always conditioned by two pairs of magnons.
Let us pass to random models (formula (9), Fig. 6 ). For such models the transverse dynamic structure factor is again conditioned by two magnons Λ p and Λ q , for which ω = −Λ p + Λ q and the quantity
has a non-zero value. Besides, at T = 0, Λ p < 0, Λ q > 0. Apparently, there is no simple rigorous explanation for the behaviour of the random-averaged frequency profiles depicted in = 0, respectively. As it can be seen in Fig.   8 , where the random-averaged densities of magnon states
from (5) are depicted, such a pair of "magnons" does exsist for a = −1.01 (Fig. 8a ) and does not exsist for a = 1.01 (Fig. 8b) or for the case of a non-correlated disorder (Fig. 8c ). This observation is in agreement with the changes in the frequency profile due to different types of disorder shown in Fig. 6b (compare the curves 1, 4 and 2, 3 at ω l ). In the non-random case the non-zero value of S zz ( π 4
, ω u ) was conditioned by two magnons with the energies 0.5 − cos with the zero energy. As it can be seen in Fig.   8 , the disorder affects the density of states at E = 0 for a = 1.01 and the non-correlated disorder more than for a = −1.01 that agrees with the changes in the frequency profile (Fig.   6d ). S zz ( , ω u ) in the former case in comparison with the latter.
To summarize, we extended the consideration of the spin- with a = −1.01; 2) correlated disorder (3) with a = 1.01; 3) independent exchange couplings and transverse fields, the latter are distributed according to probability distribution (4) with the density of states for the non-random case Γ = 0 is depicted by dashed curves.
